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TITLE OF THE INVENTION 
Optical Head Device 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to an optical head device for optically 
recording/reproducing information on/from an information recording medium (so-called 
"optical disc"); more particularly, it relates to a technique for achieving a simplified and 
miniaturized structure and reduced manufacturing costs of an optical head device that 

10 comprises a so-called axial sliding rotating objective lens actuator and a device for 
correcting the inclination of the optical axis of an objective lens relative to an information 
recording medium. The present invention also relates to a technique for improving 
vibration-resisting properties of such an optical head device that comprises an axial 
sliding rotating objective lens actuator. 

1 5 Description of the Background Art 

Fig. 16 is a schematic diagram for explaining a structure of a conventional 
optical pickup device 100P; Fig. 17 is a schematic diagram for explaining the principle by 
which the device 100P detects the inclination of an optical disc 5P; and Fig. 18 is a 
schematic diagram for explaining the principle of electromagnetic drive means for 

20 rotatably driving an objective lens 4P in the device 100P. The optical pickup device 
100P is disclosed, for example, in Japanese Patent Application Laid-open No. 1-263951 
(1989). In this specification, an origin point O is defined on the optical disc 5P, and x, y, 
and z directions intersecting at right angles at the origin point O are defined. 

In the conventional optical pickup device 100P, light 2P emitted from a light 

25 source IP in the x direction is reflected by a half mirror 3P in the z direction and brought 



2 

by the objective lens 4P into focus on the information recording surface of the optical disc 
5P. An optical axis 9P of the objective lens 4P is generally parallel to the z direction. 
The light 2P is then reflected from the optical disc 5P and passes through the half mirror 
3P to enter two photodetectors 21aP and 21bP in a two-segment light detector 6P. The 
5 light 2P incident on the photodetectors 21 aP and 21bP is converted into an electric signal 
7P, which is then used for reproduction of information or for detecting a misalignment 
between the objective lens 4P and the optical disc 5P. 

Fig. 17 illustrates a light intensity distribution 34P when the light 2P enters the 
objective lens 4P, and a light intensity distribution 35P when the light 2P reflected from 
10 the inclined optical disc 5P re-enters the objective lens 4P. 

In the conventional optical pickup device 100P, the objective lens 4P is held by 
a movable part 10P that is supported by four linear, elastic support members (e.g., metal 
wires) IIP mounted on a fixed member 12P. 

The conventional optical pickup device 100P detects and corrects the 
15 inclination (inclination angle) of the objective lens 4P relative to the optical disc 5P as 
follows. First, a current responsive to a difference between outputs IaP and IbP of the 
photodetectors 21aP and 21bP is applied to a coil 33P, and resultant Lorentz force 43P 
developed between the coil 33P and magnets 41P mounted on a fixed base 16P generates 
a turning couple 42P. The turning couple 42P causes the movable part 10P mounting 
20 the objective lens 4P thereon to rotate on its center of gravity 40P, whereby the 
inclination of the objective lens 4P is corrected. 

Here, the outputs IaP and IbP of the two photodetectors 21aP and 21bP are 
differentially computed by an operation unit 31P and applied through a power amplifier 
32P to the coil 33P. 

25 In the conventional optical pickup device 100P, as above described, the 
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movable part 10P mounting the objective lens 4P thereon is supported only by the four 
wires IIP. Thus, when the optical pickup device 100P makes an access to a desired 
information track on the optical disc 5P, the movable part 10P vibrates widely in the 
direction of access. The vibrations last long as residual vibrations and it takes time to 
5 stop such vibrations. This results in an increase in access time. 

Such residual vibrations can be reduced, for example, by using an optical head 
device comprising a so-called axial sliding rotating objective lens actuator. In the 
conventional axial sliding rotating method, however, the entire optical head device, 
including not only the objective lens actuator but also other components such as the light 
10 source, the half mirror, and the light detector, is inclined to correct the inclination of the 
objective lens relative to the optical disc. The above optical head device, therefore, has 
drawbacks of its complicated, large-scale structure and resultant high manufacturing 
costs. 

In the axial sliding rotating objective lens actuator, both a lens holder and a 
15 support shaft inserted in a bearing hole in the lens holder are rigid bodies; therefore, 
disturbances such as outside vibrations and shocks are likely to be transmitted to the 
objective lens. From this, the above optical head device has another drawback that its 
operation is likely to become unstable due to disturbances. 

20 SUMMARY OF THE INVENTION 

A first aspect of the present invention is directed to an optical head device 
comprising: an objective lens for bringing light emitted from a light source into focus on 
an information recording medium; a lens holder for holding the objective lens, the lens 
holder having a bearing hole formed along a direction parallel to an optical axis of the 
25 objective lens; a support shaft inserted in the bearing hole; a light detector for receiving 



the light reflected from the information recording medium and outputting information 
about inclination of the objective lens relative to the information recording medium on 
the basis of the light received; and an inclination drive unit for, according to the 
information about the inclination, turning the lens holder on a first axis perpendicular to 
5 the support shaft. 

According to a second aspect of the present invention, in the optical head 
device of the first aspect, the bearing hole has a hole diameter that increases as it 
approaches openings of the bearing hole from the center of the bearing hole, and the 
bearing hole has a wall that is generally circularly arcuate in cross-sectional shape. 

10 According to a third aspect of the present invention, the optical head device of 

the second aspect generally satisfies an equation (A - B) = Lxtand , where A is a hole 
diameter of the bearing hole in the vicinity of the opening, B is a hole diameter of the 
bearing hole in the vicinity of the center, L is a length of the bearing hole along the 
optical axis of the objective lens, and 0 is a maximum amount of correction on the 

15 turning (inclination) of the lens holder. 

According to a fourth aspect of the present invention, in the optical head device 
of the third aspect, the (A-B) equals approximately to 88 fjm and the L equals 
approximately to 5 mm. 

According to a fifth aspect of the present invention, in the optical head device 

20 of either of the first through fourth aspects, the inclination drive unit includes: 
electromagnetic drive means comprising a first element mounted on the lens holder on a 
second axis perpendicular to both the support shaft and the first axis perpendicular to the 
support shaft, and a second element located opposite the first element; and a magnetic 
material fixedly mounted on the lens holder in close vicinity to the second element of the 

25 electromagnetic drive means. 



According to a sixth aspect of the present invention, the optical head device of 
either of the first through fifth aspects further comprises: a fluid provided in the bearing 
hole. 

A seventh aspect of the present invention is directed to an optical head device 
comprising: an objective lens for bringing light emitted from a light source into focus on 
an information recording medium; a lens holder for holding the objective lens, the lens 
holder having a bearing hole formed along a direction parallel to an optical axis of the 
objective lens; a support shaft inserted in the bearing hole; and a fluid provided in the 
bearing hole. 

According to an eighth aspect of the present invention, in the optical head 
device of either the sixth or seventh aspect, the fluid includes a magnetic fluid. 

According to a ninth aspect of the present invention, in the optical head device 
of the eighth aspect, the lens holder further includes a permanent magnet located opposite 
the bearing hole and the magnetic fluid. 

In the first aspect, the lens holder holding the objective lens can be turned 
(inclined) thereby to correct the inclination of the objective lens relative to the 
information recording medium. The optical head device can thus achieve a simplified 
and miniaturized structure and reduced manufacturing costs, as compared with those in 
which not only the lens holder but also the light source and other components are inclined 
as a whole to correct the inclination. In addition, the optical head device, when making 
an access to a desired information track, is less likely to produce residual vibrations than 
those which support the objective lens by elastic support members. This reduces the 
access time. 

In the second aspect, even if the lens holder is inclined, a predetermined amount 
of gap can be ensured between the lens holder and the support shaft in the bearing hole, 



irrespective of the amount of inclination. The optical head device can thus achieve 
stable operations irrespective of whether or not the lens holder is inclined. 
The third aspect allows easy design of the bearing hole. 

In the fourth aspect, the maximum amount of correction on the turning of the 
lens holder can be set approximately to 1° that is generally deemed necessary. 

The fifth aspect can increase a spring constant in the direction of inclination of 
the lens holder (or turning of the lens holder on the first axis perpendicular to the support 
shaft) as compared with the case of using no magnetic material. This achieves focusing 
and tracking control with minimum interference due to the inclination control. 

In the sixth aspect, the fluid acting as a damping system allows stable 
inclination correction, irrespective of disturbances. 

The seventh aspect achieves, irrespective of disturbances, the optical head 
device with good vibration-resisting properties, since the fluid acts as a damping system. 

In the eighth aspect, magnetic fields produced by the magnet in the optical head 
device allows stable holding of the (magnetic) fluid (i.e., they can prevent scattering of 
the fluid). Thus, damping characteristics of the (magnetic) fluid can be ensured longer 
than in the case of using non-magnetic fluids, which achieves the high-reliability optical 
head device. 

In the ninth aspect, the permanent magnet allows more stable holding of the 
(magnetic) fluid, which achieves the higher-reliability optical head device. 

An object of the present invention is to provide an optical head device that is 
less likely to generate residual vibrations and capable of achieving a simplified and 
miniaturized structure and reduced manufacturing costs, as compared with conventional 
ones which are wholly inclined to correct the inclination of the objective lens relative to 
the information recording medium. 



7 

Another object of the present invention is to provide an optical head device 
with good vibration-resisting properties against disturbances. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
5 present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram for explaining an optical head device according to 
a first preferred embodiment; 
10 Fig. 2 is a perspective view for explaining an objective lens actuator in the 

optical head device according to the first preferred embodiment; 

Fig. 3 is a plan view for explaining the objective lens actuator in the optical 
head device according to the first preferred embodiment; 

Fig. 4 is a schematic diagram for explaining the optical head device according 
15 to the first preferred embodiment; 

Figs. 5 to 9 are schematic diagrams for explaining the operation of the optical 
head device according to the first preferred embodiment; 

Fig. 10 is a schematic diagram for explaining another optical head device 
according to the first preferred embodiment; 
20 Figs. 11 and 12 are schematic diagrams for explaining an optical head device 

according to a second preferred embodiment; 

Fig. 13 is a schematic diagram for explaining another optical head device 
according to the second preferred embodiment; 

Figs. 14 and 15 are schematic diagrams for explaining an optical head device 
25 according to a third preferred embodiment; and 
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Figs. 16 to 18 are schematic diagrams for explaining a conventional optical 
pickup device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 <First Preferred Embodiment 

Fig. 1 is a schematic diagram for explaining a general structure of an optical 
head device 100 according to a first preferred embodiment; Figs. 2 and 3 are respectively 
perspective and plan views for explaining an objective lens actuator 100a in the optical 
head device 100; and Fig. 4 is a partial enlarged view of the optical head device 100. 
10 Figs. 5 to 9 are schematic diagrams for explaining the operation of the optical head device 
100; Fig. 8 is an enlarged detail of part of Fig. 5 and Fig. 9 is an enlarged detail of part of 
Fig. 6. For ease of explanation, Fig. 1 and others also show an information recording 
medium (so-called optical disc) 5 capable of optically recording information. 

The optical head device 100 comprises the objective lens actuator 100a, a light 
15 source 1 that emits light 2, a half mirror 3, a light detector 6, and a controller 109. 

The objective lens actuator 100a, which is based on an axial sliding rotating 
method, comprises an objective lens 4, a lens holder 101, a coil mount 102, a support 
shaft 103, coils 114a, 115a, 116a, permanent magnets 114b, 115b, 116b, and a base 108. 

The optical head device 100 further comprises a focusing drive unit 104, a 
20 tracking drive unit 105, and an inclination drive unit 106. More specifically, the 
focusing drive unit 104 includes electromagnetic drive means 114 including the coil 114a 
and the permanent magnet 114b, and the controller 109. The tracking drive unit 105 
includes electromagnetic drive means 115 including the coils 115a and the permanent 
magnets 115b, and the controller 109. The inclination drive unit 106 includes 
25 electromagnetic drive means 116 including the coils (first elements) 116a and the 
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permanent magnets 116b, and the controller 109. The focusing drive unit 104, the 
tracking drive unit 105, and the inclination drive unit 106 share the controller 109. 

In detail, the light source 1, the half mirror 3, and the objective lens 4 are 
arranged so that the light 2 emitted from the light source 1 is reflected by the half mirror 3 
and brought by the objective lens 4 into focus on the information recording medium 5 
(more specifically, on a recording surface 5a). The objective lens 4 is held by the lens 
holder 101. 

The lens holder 101 is made, for example, of a cylindrical plastic material and 
has a bearing hole 101a and a light through hole 101b, both extending between top and 
bottom surfaces of the cylindrical material. The bearing hole 101a is formed at the 
center of the cylindrical plastic material. The bearing hole 101a and the light through 
hole 101b are, for example, circular in the plan view (cf. Fig. 3) and in horizontal cross 
section. In particular, the hole diameter (or just "diameter") of the bearing hole 101a 
increases as it approaches openings lOlaE of the bearing hole 101a on both sides from 
the center 101 aC of the hole 101a; that is, the wall around the bearing hole 101a is 
generally circularly arcuate in longitudinal cross section (cf. Fig. 4), which will be 
described later. 

The objective lens 4 is arranged to block one opening of the light through hole 
101b closer to the information recording medium 5 and is held by the lens holder 101. 
Here, the objective lens 4 is located such that its optical axis 4a forms a right angle with 
the top and bottom surfaces of the cylindrical material, in parallel with the direction in 
which the bearing hole 101a is formed. 

The lens holder 101 is held in the housing type base 108. The bottom surface 
of the base 108 has built therein the support shaft 103 which is secured to the base 108. 
The lens holder 101 is held within the base 108 while being supported movably along and 
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rotatably around the support shaft 103 that is inserted in the bearing hole 101a. In the 
bottom surface of the base 108, a light through hole 108a is formed to face the light 
through hole 101b in the lens holder 101. 

The coil mount 102 in, for example, a cylindrical shape is located on the bottom 
5 surface of the lens holder 101 farther from the information recording medium 5. The 
(cylindrical) coil mount 102 is located to form a continuous hole with the bearing hole 
101a in the lens holder 101. The coil 114a is wound on the coil mount 102, with the 
support shaft 103 as its center. The permanent magnet 114b is located to surround the 
coil 114a and the coil mount 102. 

10 The cylindrical side surface of the lens holder 101 has two coils 115a mounted 

thereon. The two coils 115a are opposed to each other in the direction in which the 
bearing hole 101a and the light through hole 101b (or the objective lens 4) are arranged, 
with those holes 101a and 101b sandwiched in between. The direction of the 
arrangement of the bearing hole 101a and the light through hole 101b (or the objective 

15 lens 4) is determined to be orthogonal (perpendicular) to the support shaft 103 (or the axis 
of the support shaft 103) and is hereinafter referred to as a first axis (first axial direction) I. 
While not shown for avoiding the complexity of the drawings, the two coils 115a are 
connected in series. The permanent magnets 115b are mounted on the base 108 to face 
their corresponding coils 115a. 

20 Particularly in the optical head device 100, two coils 116a are mounted on the 

cylindrical side surface of the lens holder 101 to be opposed to each other with the 
bearing hole 101a sandwiched in between. The two coils 116a are arranged on a second 
axis (second axial direction) II that is orthogonal (perpendicular) to both the support shaft 
103 and the first axis I orthogonal to the support shaft 103. While not shown for 

25 avoiding the complexity of the drawings, the two coils 116a are connected in series. 
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The permanent magnets 116b are mounted on the base 108 to face their corresponding 
coils 116a. 

The light detector 6 includes a photodetector (so-called four-segment 
photodetector) 21 having a 2 by 2 matrix of four-divided light receiving surfaces and is 
5 located to receive at its photodetector 21 the light 2 that has been reflected from the 
information recording medium 5 and passed through the objective lens 4 and the half 
mirror 3. The 2 by 2 matrix of four light receiving surfaces are arranged so that each 
receives an equal amount of light when the objective lens 4 is not inclined with respect to 
the information recording medium 5, i.e., when the optical axis 4a of the objective lens 4 
10 is generally orthogonal to the recording surface 5a of the information recording medium 5. 
The four light receiving surfaces each output a current responsive to the amount of light 
received. 

In this specification, the four light receiving surfaces are divided into two 
groups and each group is referred to as a light receiving part. These two light receiving 

15 parts are arranged in the same direction as the arrangement of the two coils 116a and the 
two permanent magnets 116b, i.e., in the second axial direction II (in Fig. 1, they are 
arranged in a direction perpendicular to the plane of the drawing). Further, a sum of the 
currents outputted from the two light receiving surfaces of each light receiving part is 
referred to as I21a or I21b. 

20 The controller 109 receives output currents from the four light receiving 

surfaces and outputs currents 194, 195, and 196 based on those four currents. More 
specifically, the controller 109 outputs the current 194 to the coil 114a in the focusing 
drive unit 104, the current 195 to the coils 115a in the tracking drive unit 105, and the 
current 196 to the coils 116a in the inclination drive unit 106. 

25 Next, the operation of the optical head device 100 will be set forth. The light 
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2 emitted from the light source 1 is reflected by the half mirror 3, passes through the light 
through holes 108a and 101b in the base 108 and in the lens holder 101, and is brought by 
the objective lens 4 into focus on the recording surface 5a of the information recording 
medium 5. The light 2 is then reflected from the information recording medium 5 and 
passes through the objective lens 4 and the half mirror 3 to enter the photodetector 21 in 
the light detector 6. The four light receiving surfaces of the photodetector 21 output 
currents responsive to the light 2 received. Those four currents are used as signals for 
reproducing/recording information or for detecting a misalignment and an error in the 
inclination angle of the objective lens 4 relative to the information recording medium 5. 

More specifically, the controller 109 computes the output currents from the four 
light receiving surfaces of the light detector 6, thereby to detect, by using well-known 
techniques such as astigmatism or a push-pull method, a misalignment of the objective 
lens 4 relative to the information recording medium 5 in the direction of focusing (in the 
axial direction of the support shaft 103) and a misalignment of the same relative to a 
desired track in the direction of tracking (the second axial direction II). In the case of 
correcting a misalignment in the direction of focusing, the controller 109 applies the 
current 194 to the coil 114a in the focusing drive unit 104. This induces an 
electromagnetic force between the coil 114a and the permanent magnet 114b in the 
focusing drive unit 104 and thereby moves the lens holder 101 in the direction of focusing. 
In the case of correcting a misalignment in the direction of tracking, the controller 109 
applies the current 195 to the coils 115a in the tracking drive unit 105. This induces 
electromagnetic forces between the coils 115a and the permanent magnets 115b in the 
tracking drive unit 105 and thereby rotates the bearing hole 101a in the lens holder 101 on 
the central axis; accordingly, a misalignment in the direction of tracking is corrected. 
The magnitudes and directions of the currents 194 and 195 applied to the coils 114a and 
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115b are determined by the controller 109 according to the amounts of misalignment. 

When the objective lens 4 is not inclined with respect to the information 
recording medium 5 (cf. Figs. 5 and 8), the two light receiving parts of the photodetector 
21 receive the same amount of light 2 reflected from the information recording medium 5. 
5 The output currents I21a and 12 lb from the two light receiving parts, therefore, become 
nearly equal. In this case, the controller 109 judges that the objective lens 4 is not 
inclined with respect to the information recording medium 5 and thus does not output the 
current 196. 

On the other hand, when the objective lens 4 is inclined with respect to the 

10 information recording medium 5, i.e., when the optical axis 4a of the objective lens 4 is 
not orthogonal to the recording surface 5a of the information recording medium 5, the 
light 2 reflected from the information recording medium 5 travels angularly relative to the 
optical axis 4a of the objective lens 4 and re-enters the objective lens 4 toward the light 
detector 6. At this time, the intensity distribution of the reflected light re-entering the 

15 objective lens 4 deviates from a normal distribution and consequently, one of the two 
light receiving parts of the photodetector 21 receives a greater amount of light than the 
other. Accordingly, the output current I21a or I21b from the above one of the light 
receiving parts becomes larger than that from the other. Now, if the above direction in 
which the objective lens 4 is inclined with respect to the information recording medium 5 

20 is reversed, the output current I21b or Ola from the above other of the light receiving 
parts becomes larger than that from the above one. In either case, a difference between 
the currents I21a and I21b increases with increasing amounts of inclination (turning). 

In this fashion, information (including the presence or absence, direction and 
magnitude of the inclination) on the objective lens 4 relative to the information recording 

25 medium 5 can be obtained from the difference between the output currents I21a and I21b 
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from the two light receiving parts. For this, the light detector 6 outputs, from four 
currents, the currents I21a and I21b that give the above information about inclination. 

Upon detecting the inclination of the objective lens 4 relative to the information 
recording medium 5 from the difference between the currents I21a and I21b, or in other 
5 words on the basis of the above information about inclination, the controller 109 applies 
the current 196 to the coils 116a in the inclination drive unit 106. This induces 
electromagnetic forces between the coils 116a and the permanent magnets 116b in the 
inclination drive unit 106 and thereby turns (or inclines/rotates) the lens holder 101 on the 
first axis L Inclining the lens holder 101 in this way corrects the inclination of the 

10 objective lens 4 and makes the optical axis 4a of the objective lens 4 orthogonal to the 
recording surface 5a of the information recording medium 5 (cf. Figs. 6, 7, and 9). 

At this time, the lens holder 101 can be inclined in the direction to correct the 
inclination of the objective lens 4 relative to the information recording medium 5 by 
adjusting settings such as the shape of the coils 116a, the polarity of the permanent 

15 magnets 116b, and the direction of the current 196. The controller 109 also controls the 
amount of turning of the lens holder 101 by controlling the amplitude of the current 196 
applied to the coils 116a. 

The controller 109 is configured to include, for example, the differential 
operation unit 31P and the amplifier 32P in the conventional optical pickup device 100P 

20 (cf. Fig. 16) or to include a microcomputer, for generating and outputting the current 196. 
While in the optical head device 100, the focusing drive unit 104, the tracking drive unit 
105, and the inclination drive unit 106 share the controller 109, each may have an 
individual controller. 

The optical head device 100 can incline only the lens holder 101 while fixing 

25 other components such as the light source 101, for correcting the inclination of the 
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objective lens 4 relative to the information recording medium 5. This achieves a 
simplified and miniaturized structure and reduced manufacturing costs of the optical head 
device 100, as compared with conventional techniques in which the entire optical head 
device, including not only the lens holder 101 but also other components such as the light 
source 1, is inclined to correct the above inclination. 

In addition, the optical head device 100, when making an access to a desired 
information track, is less likely to produce residual vibrations than the conventional 
optical pickup device 100P in Fig. 16 which supports the objective lens 4P by the elastic 
support members (wires) IIP. This reduces the access time as compared with the 
conventional optical pickup device 100P. 

Further as above described, the hole diameter of the bearing hole 101a in the 
lens holder 101 increases as it approaches the openings lOlaE of the bearing hole 101a on 
both sides from the center lOlaC of the hole 101a and thus, the wall around the bearing 
hole 101a is generally circularly arcuate in longitudinal cross section. From this, even if 
the lens holder 101 is inclined as illustrated by two-dot chain lines in Fig. 4 as a result of 
the inclination correction, a predetermined amount of gap G can be ensured between the 
lens holder 101 and the support shaft 103 in the bearing hole 101a, irrespective of the 
amount of turning of the lens holder 101. This stabilizes the operation of the optical 
head device 101 with a minimum amount of variations in operating characteristics due to 
the presence or absence of the inclination of the lens holder 101. 

As illustrated in Fig. 4, for example, where A is the hole diameter of the 
bearing hole 101a in the vicinity of the openings lOlaE, B (< A) is the hole diameter of 
the bearing hole 101a in the vicinity of the center lOlaC, H (= (A-B) / 2) is the difference 
in the radius of the bearing hole 101a between in the vicinity of the openings lOlaE and 
in the vicinity of the center lOlaC, L is the length of the bearing hole 101a along the 
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optical axis 4a of the objective lens 4 (cf. Fig. 1), and 6 is the maximum amount of 
correction on the turning of the lens holder 101, the optical head device 101 generally 
satisfies the following equation: 

H /(L/2)=tan0, ...(1) 

that is, 

O4-5)=Lxtan0 ...(2) 

The inclination 6 of the lens holder 101 is also regarded as the inclination of the optical 
axis 4a of the objective lens 4. 

Substituting well-used design values for optical head devices, e.g., L = 5 mm, G 
= 5 [an , and 0=1°, into the above equation (1) or (2) yields the radius difference (H) 
of about 44 \im , or in other words the hole diameter difference (A-B) of about 88 \xm . 
In this way, the use of the equation (1) or (2) permits easy design of the bearing hole 101a. 
The lens holder 101 having such concrete design values can be manufactured by plastic 
molding, in which case it is possible to extract a mold pin for the bearing hole 101a. 

Now, magnetic materials 126 may be added to the inclination drive unit 106 as 
in an optical head device 100B illustrated in the schematic diagram of Fig. 10. The 
magnetic materials 126 that is made, for example of iron, nickel, or stainless steel, are 
fixedly mounted on the lens holder 101 in close vicinity to and with clearance from the 
permanent magnets 116b in the inclination drive unit 106. Otherwise, the optical head 
device 100B is identical in configuration to the aforementioned optical head device 100. 

Because of the attractive forces between the magnetic materials 126 and the 
permanent magnets 116b, the optical head device 100B, as compared with the optical 
head device 100, can increase a spring constant in the direction of inclination of the lens 
holder 101 (or turning thereof on the first axis); in other words, it can suppress instability 
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of electromagnetic effects between the coils 116a and the permanent magnets 116b. 
This achieves focusing and tracking control with minimum interference due to the 
inclination control by the inclination drive unit 106, and more specifically with minimum 
deviations of the lens holder 101 due to the outwardly expanding openings lOlaE of the 
5 bearing hole 101a. 

It should be noted that in the inclination drive unit 106, the coils 116a and the 
permanent magnets 116b may change their places. The same can be said of the coils 
114a and the permanent magnets 114b in the focusing drive unit 104 and the coils 115a 
'H and the permanent magnets 115b in the tracking drive unit 105. Further, electromagnets 

1 1 10 may be used instead of using the permanent magnets 116b, 114b, and 115b. 
<Second Preferred Embodiment 

O 

%i Fig. 11 is a schematic diagram for explaining a general structure of an optical 



c: 



head device 100C according to a second preferred embodiment, and Fig. 12 is a partial 
enlarged view of the optical head device 100C. The optical head device 100C (or an 

15 objective lens actuator 100b) further comprises fluids 131, besides the components of the 
aforementioned optical head device 100 (or the objective lens actuator 100a) (cf. Fig. 1). 
The fluids 131 are provided in the bearing hole 101a, and more specifically in a gap 
(bearing gap) between the wall around the bearing hole 101a and the support shaft 103. 
The fluids 131 may be various fluids such as lubricating oil and magnetic fluids, but 

20 preferably nonvolatile fluids. 

Disturbances such as outside vibrations and shocks act upon the optical head 
device 100C and are transmitted to the base 108 and the support shaft 103 which are 
rigidly connected to each other. However, because the fluids 131 act as damping 
systems or buffer materials, such disturbances are hardly transmitted from the support 

25 shaft 103 to the lens holder 101. The optical head device 100C can thus achieve stable 
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focusing, tracking, and inclination control (correction) with a minimum control error due 
to disturbances. That is, the optical head device 100C has good vibration-resisting 
properties. 

Especially the optical head device 100C which also performs inclination control, 
can prevent the instability of the orientation (inclination) of the lens holder 101 due to 
disturbances by the damping effect of the fluids 131. This achieves focusing and 
tracking control with minimum interference due to the inclination control by the 
inclination drive unit 106, and more specifically with minimum deviations of the lens 
holder 101 due to the outwardly expanding openings lOlaE of the bearing hole 101a. 

The fluids 131 further avoid the necessity of applying a coating or the like to 
the support shaft 103 and the bearing hole 101a in order to improve their sliding 
characteristics. 

As in an optical head device 100D illustrated in the schematic diagram of Fig. 
13, the fluids 131 may be provided in the bearing hole 101a in the previously described 
optical head device 100B (cf. Fig. 10). 

Now, the Japanese Patent No. 3059141 has disclosed a pickup actuator having 
magnetic fluids. In this pickup actuator, however, the magnetic fluids are provided in a 
magnetic circuit portion (e.g., on a magnet which faces a focusing coil) and therefore, 
they are different in position from the fluids 131 in the optical head device 100C. 

In the magnetic circuit portion of the above pickup actuator, a coil is provided 
between the magnet and a yoke and thus, a magnetic gap therebetween is relatively large. 
For a coil wound with four coils of 0.1 mm diameter, for example, the magnetic gap is 
about 1 mm in consideration of a margin for operation and variations during assembly. 
In the optical head device 100C, on the other hand, the bearing gap between the wall 
around the bearing hole 101a and the support shaft 103 is in the range from about several 
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micrometers to about several tens of micrometers. In regard to cost or price, also, the 
optical head device 100C is less expensive than the above pickup actuator which, in order 
to fill the magnetic gap, requires a great amount of magnetic fluids that are relatively 
expensive materials. Further, the optical head device 100C can prevent scattering of the 
fluids 131 by capillary action resulting from a small amount of gap. 

The Japanese Patent Application Laid-open No. 62-202625 (1987) has 
disclosed an axial sliding rotating objective lens actuator having magnetic particles 
(powders). In this objective lens actuator, magnetic particles are provided in a bearing 
portion. However, since the magnetic particles are basically solid matter, they do not act 
as buffer materials against vibration transmission and external vibrations are transmitted. 
In addition, the magnetic particles will scatter with age since the capillary action of fluids 
is not produced only from solid matter. 

<Third Preferred Embodiment 

Fig. 14 is a schematic diagram for explaining a general structure of an optical 
head device 100E according to a third preferred embodiment, and Fig. 15 is a partial 
enlarged view of the optical head device 100E. The optical head device 100E (or an 
objective lens actuator 100c) is basically identical in configuration to the previously 
described optical head device 100C (or the objective lens actuator 100b) (cf. Fig. 11). 

Especially in the optical head device 100E, the lens holder 101 has formed 
therein a generally cylindrical bearing hole 101a2 that has a straight-sided wall in 
longitudinal cross section. Between the wall around the bearing hole 101 a2 and the 
support shaft 103, magnetic fluids 132 are provided. Further, permanent magnets 133 
are fixedly mounted on the lens holder 101 to face the magnetic fluids 132 and the 
bearing hole 101a2. The permanent magnets 133 are, for example, cylindrical in shape 
and arranged to hold the bearing hole 101a2 therein. At this time, the permanent 



20 



magnets 133 are buried, for example, in a plastic material which is the base material of 
the lens holder 101. Otherwise, the optical head device 100E is identical in 
configuration to the previously described optical head device 100C. 

The optical head device 100E has magnetic fields that are produced, for 
5 example, by the magnets 114b directly or indirectly through the support shaft 103. Such 
magnetic fields allow stable holding of the magnetic fluids 132 (i.e., prevent scattering of 
the magnetic fluids 132). Accordingly, damping characteristics of the magnetic fluids 
132 can be ensured longer than in the case of using non-magnetic fluids, which improves 
operational reliability. Especially the optical head device 100E can improve the stability 

10 of the magnetic fluids 132 being held by the permanent magnets 133, which makes the 
above effect more pronounced. 

As the magnetic flux density of the magnetic fields applied to the magnetic 
fluids 132 becomes more uniform, the density variations of magnetic particles in the 
magnetic fluids 132 become smaller and consequently, the damping characteristics of the 

15 entire magnetic fluids 132 become more uniform. To make uniform the magnetic flux 
density in the bearing hole 101a2, the permanent magnets 133 should preferably be long 
along the direction in which the bearing hole 101a2 is formed (i.e., the cylindrical 
permanent magnets 133 are preferably of greater height). 

Unlike the previously described optical head device 100 (cf. Fig. 1), the optical 

20 head device 100E has formed therein the generally cylindrical bearing hole 101a2; 
therefore, the amount of gap between the wall around the bearing hole 101a2 and the 
support shaft 103 varies depending on the amount of inclination (turning) of the lens 
holder 101. However, the damping effect of the magnetic fluids 132 allows stable 
operations with a minimum amount of variations in operating characteristics due to the 

25 presence or absence of the inclination of the lens holder 101. In this regard, the bearing 
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hole 101a in the optical head device 100C having the fluids 131 (cf. Fig. 11), for example, 
may generally be cylindrical in shape; however, it is easier to form the bearing hole 101a2 
that is straight-sided in cross section than to form the bearing hole 101a that is circularly 
arcuate in cross section. 

5 While the invention has been shown and described in detail, the foregoing 

description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 



